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FRPSRQHQWV7KHWKUHHPRGHOVWKDWKDYHEHHQZLGHO\XVHGLQKHDOWKFDUHLQWHUYHQWLRQVDUHWKH
5HDFK(IILFDF\$GRSWLRQ,PSOHPHQWDWLRQDQG0DLQWHQDQFHIUDPHZRUN5($,0*ODVJRZ
HWDO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LL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LLL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DGRSWLRQDVVRFLDWHGZLWKGHOLYHULQJWKHLQWHUYHQWLRQ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LPSOHPHQWDWLRQLQYHVWLJDWLQJ
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DQG[LFRQWDPLQDWLRQUHODWHG
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HQJDJHPHQWZLWKWKHLQWHUYHQWLRQRQDQLQGLYLGXDOOHYHOYILGHOLW\LQYHVWLJDWLQJWKHH[WHQW
WRZKLFKWKHLQWHUYHQWLRQZDVGHOLYHUHGDVSODQQHGYLLPSOHPHQWDWLRQDQGYLL
UHFUXLWPHQW

3URFHVVHYDOXDWLRQLVSDUWLFXODUO\LPSRUWDQWIRUFRPSOH[LQWHUYHQWLRQVRIWHQUHTXLUHGIRU
FKURQLFFRQGLWLRQVZKLFKSODFHVXEVWDQWLDOVWUDLQRQKHDOWKFDUHV\VWHPVZRUOGZLGH0RRUH
HWDO2QHVXFKFKURQLFFRQGLWLRQLVWLQQLWXVZKLFKLVKLJKO\SUHYDOHQWZLWKILJXUHV
IRXQGEHWZHHQLQWKH8.'DYLV	5DIDLH7KHUHDUHFRQFHUQVWKDWWKH
SUHYDOHQFHRIWLQQLWXVLVRQWKHULVHVHFRQGDU\WRDQLQFUHDVHLQQRLVHDQGPXVLFH[SRVXUH
ZKLFKDUHULVNIDFWRUVIRUGHYHORSLQJWLQQLWXV0DUWLQH]HWDO$OWKRXJKWKHUHDUH
YDULRXVUHFRPPHQGHGWUHDWPHQWDSSURDFKHVIRUWLQQLWXVLQFOXGLQJSDWLHQWHGXFDWLRQVRXQG
WKHUDS\DQGWKHXVHRIKHDULQJDLGVUHVHDUFKVXSSRUWLQJWKHHIILFDF\RIPDQ\RIWKHVH
LQWHUYHQWLRQVLVKDPSHUHGE\SRRUPHWKRGRORJLHV/DQGJUHEHHWDO7KHLQWHUYHQWLRQ
ZLWKWKHPRVWHYLGHQFHDWSUHVHQWIRUHIILFDF\LQUHGXFLQJWLQQLWXVGLVWUHVVLVFRJQLWLYH
EHKDYLRXUDOWKHUDS\&%7+HVVHUHWDO*UHZDOHWDO'HVSLWHWKLVHYLGHQFH
WKHUHLVOLPLWHGSURYLVLRQRI&%7LQFOLQLFDOSUDFWLFHODUJHO\GXHWRDVKRUWDJHRIWUDLQHG
SURIHVVLRQDOVWRSURYLGH&%7IRUWLQQLWXV*DQGHUHWDO7RLQFUHDVHDFFHVVWR&%7IRU
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
WLQQLWXVDJXLGHG,QWHUQHWEDVHGLQWHUYHQWLRQL&%7IRUWLQQLWXVZDVGHYHORSHGIRUWKH8.
%HXNHVHWDOIROORZLQJWKHPRGHOXVHGLQ6ZHGHQ$QGHUVVRQHWDODQG
*HUPDQ\:HLVHHWDO8QLTXHWRWKLVLQWHUYHQWLRQZDVWKDWLWZDVJXLGHGE\DQ
$XGLRORJLVWZKHUHDV&OLQLFDO3V\FKRORJLVWVKDYHJXLGHGSUHYLRXVLQWHUYHQWLRQV,WZDVWKHQ
WHVWHGIRUIHDVLELOLW\DQGSLORWHG%HXNHVHWDOD$UDQGRPLVHGFRQWUROWULDO5&7
LQGLFDWHGWKHHIILFDF\RIL&%7IRUERWKWLQQLWXVGLVWUHVVDQGVRPHDVVRFLDWHGSUREOHPVVXFK
DVLQVRPQLDGHSUHVVLRQK\SHUDFXVLVFRJQLWLYHIDLOXUHVDQGTXDOLW\RIOLIH7KHVHHIIHFWVZHUH
PDLQWDLQHGWZRPRQWKVSRVWLQWHUYHQWLRQIRUWKHH[SHULPHQWDOJURXS%HXNHVHWDOE
)XUWKHUHYDOXDWLRQVDUHXQGHUZD\FRPSDULQJWKHL&%7WUHDWPHQWWRWKDWRIVWDQGDUGFOLQLFDO
FDUH%HXNHVHWDOF,IWKLVLQWHUYHQWLRQLVLQGHHGWREHLPSOHPHQWHGDVDFUHGLEOH
LQWHUYHQWLRQIDFWRUVIDFLOLWDWLQJDQGKDPSHULQJLWVDSSOLFDWLRQQHHGWREHLGHQWLILHG6DXQGHUV
HWDO'HWHUPLQLQJKRZPXFKL&%7WUHDWPHQWLVUHTXLUHGIRUSRVLWLYHFKDQJHLVIRU
LQVWDQFHVWLOOXQNQRZQ,QWHJUDWLQJLQIRUPDWLRQREWDLQHGIURPRXWFRPHGDWDDQGSURFHVV
HYDOXDWLRQFDQRSWLPLVHGLVVHPLQDWLRQRIQHZLQWHUYHQWLRQV0RRUHHWDO

'HVSLWHWKHUHOHYDQFHRISURFHVVHYDOXDWLRQWRHYDOXDWHQHZLQWHUYHQWLRQVWKHRQO\
FRPSUHKHQVLYHSURFHVVHYDOXDWLRQWRGDWHLQWKHILHOGRI$XGLRORJ\LVWKDWRI*XVVHQKRYHQHW
DO$YRFDWLRQDOHQDEOHPHQWSURWRFROZDVHYDOXDWHGIRUHPSOR\HHVZLWKKHDULQJ
GLIILFXOWLHVLQFOLQLFDOSUDFWLFH7KH\XVHGWKHIUDPHZRUNRXWOLQHGE\/LQQDQDQG6WHFNOHU
DQGWKLVUHVHDUFKGUHZLQVSLUDWLRQIURPWKHLUVWXG\7KHUHVHDUFKREMHFWLYHRIWKH
SUHVHQWVWXG\ZDVWRLGHQWLI\SURFHVVHVWKDWFRXOGIDFLOLWDWHRUKLQGHUFOLQLFDOLPSOHPHQWDWLRQ
RIDQ,QWHUQHWEDVHGFRJQLWLYHEHKDYLRXUDOWKHUDS\LQWHUYHQWLRQIRUWLQQLWXVLQWKH8.7KLV
ZDVGRQHE\H[SORULQJWKH

 5HVHDUFKFRQWH[WDQGKRZWKLVDIIHFWHGWKHLQWHUYHQWLRQFRYHUDJH
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
 'HOLYHU\RIWKHLQWHUYHQWLRQFRPSRQHQWVDQGKRZSDUWLFLSDQWVHQJDJHGZLWKWKHVH
 )DFWRUVWKDWFRQWULEXWHGWRWKHRXWFRPHVREWDLQHG

0HWKRG
6WXG\GHVLJQ
3URFHVVHYDOXDWLRQZDVUXQSDUDOOHOWRDUDQGRPLVHGFRQWUROWULDOZLWKDWZRPRQWKIROORZXS
WRHYDOXDWHWKHHIILFDF\RIL&%7%HXNHVHWDO7KHH[SHULPHQWDOJURXSUHFHLYHG
WUHDWPHQWIRUZHHNVZKLOHWKHFRQWUROJURXSZHUHPRQLWRUHGZHHNO\E\PHDQVRIWKH
7LQQLWXV+DQGLFDS,QYHQWRU\6FUHHQLQJ9HUVLRQ7+,61HZPDQ6DQGULGJH	%ROHN
2QFHWKHH[SHULPHQWDOJURXSKDGFRPSOHWHGWUHDWPHQWWKHFRQWUROJURXSXQGHUZHQW
WKHVDPHLQWHUYHQWLRQ7KLVDOORZHGIRULQWHUYHQWLRQHIIHFWVWREHHYDOXDWHGEHWZHHQDQG
ZLWKLQJURXSVDWWZRGLIIHUHQWWLPHSRLQWVIRUWZRLQGHSHQGHQWJURXSV

(WKLFDOFRQVLGHUDWLRQV
(WKLFDODSSURYDOZDVJUDQWHGE\WKH)DFXOW\5HVHDUFK(WKLFV3DQHORI$QJOLD5XVNLQ
8QLYHUVLW\)67)5(3DQGWKHVWXG\ZDVUHJLVWHUHGZLWK&OLQLFDO7ULDOVJRY
1&7GDWH,WZDVFRQGXFWHGLQDFFRUGDQFHZLWKJRRGFOLQLFDOSUDFWLFH
WRJHWKHUZLWKWKHHWKLFDOSULQFLSOHVRIWKH'HFODUDWLRQRI+HOVLQNL$SURWRFROZDVXVHGWR
HQVXUHWKHVHFXULW\RISDUWLFLSDQWV¶FRQILGHQWLDOLW\ZKHQXVLQJWKHZHESRUWDOFRPSO\LQJZLWK
WKHIROORZLQJ8.OHJLVODWLRQ7KH'DWD3URWHFWLRQ$FWRIDQG7KH3ULYDF\DQG
(OHFWURQLF&RPPXQLFDWLRQV(&'LUHFWLYH5HJXODWLRQV5LDFK

3DUWLFLSDQWV
7KHUHZHUHSDUWLFLSDQWVZKRUHJLVWHUHGLQWHUHVWLQXQGHUWDNLQJWKLVLQWHUYHQWLRQLQDQ
5&7WULDOIRUPDWRQWKHVWXG\ZHEVLWHZZZWDFNOLQJWLQQWLXVFRXN2IWKRVH
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
FRPSOHWHGWKHLQLWLDOVFUHHQLQJTXHVWLRQQDLUH(OLJLELOLW\IRUWKHVWXG\ZDVGHWHUPLQHGLQD
WZRVWDJHSURFHVV,QLWLDOO\SDUWLFLSDQWVFRPSOHWHGWKHEDVHOLQHPHDVXUHPHQWVRQOLQH
)ROORZLQJFRPSOHWLRQDWHOHSKRQLFVFUHHQLQJZDVDUUDQJHGWRHQVXUHSDUWLFLSDQWVIXOILOOHG
WKHVWXG\UHTXLUHPHQWV,QFOXVLRQFULWHULDLQFOXGHGEHLQJDJHGRURYHUDQGOLYLQJLQWKH
8.&RPSXWHUDQG,QWHUQHWDFFHVVZHUHUHTXLUHG$GGLWLRQDOFULWHULDLQFOXGHGDPLQLPXP
WLQQLWXVGXUDWLRQRIWKUHHPRQWKVDQGVFRUHRIRUDERYHRQWKH7LQQLWXV)XQFWLRQDO,QGH[
7),0HLNOHHWDO7KHH[FOXVLRQFULWHULDZHUHUHSRUWLQJDQ\PDMRUPHGLFDO
SV\FKLDWULFRUPHQWDOGLVRUGHUDQGKDYLQJWLQQLWXVDVDFRQVHTXHQFHRIDPHGLFDOGLVRUGHUVWLOO
XQGHULQYHVWLJDWLRQ

2IWKRVHZKRFRPSOHWHGWKHVFUHHQLQJTXHVWLRQQDLUHZHUHH[FOXGHGPDLQO\GXHWR
WLQQLWXVVHYHULW\VFRUHVEHLQJEHORZWKDWLQGLFDWLQJWKHQHFHVVLW\IRUDFOLQLFDOLQWHUYHQWLRQ
7KHUHPDLQLQJZHUHVWUDWLILHGIRUWLQQLWXVVHYHULW\DQGDJHDQGUDQGRPO\DVVLJQHGWRWKH
H[SHULPHQWDOQ DQGWKHFRQWUROJURXSVQ DVVHHQLQ)LJXUH
>)LJXUHQHDUKHUH@

7KH,QWHUYHQWLRQ
7KHL&%7LQWHUYHQWLRQLQFRUSRUDWHG&%7SULQFLSOHVDVWKHVHSUHVHQWO\KDYHWKHPRVWUREXVW
HYLGHQFHRIHIIHFWLYHQHVVLQPLQLPLVLQJWKHHIIHFWVRIWLQQLWXV+HVVHUHWDO7KH
SURJUDPPHRULJLQDOO\GHVLJQHGE\$QGHUVVRQHWDODQGODWHUXSGDWHGE\$QGHUVVRQ
DQG.DOGR6DQGVWU|PDQG.DOGRHWDOZDVVHOHFWHGGXHWRLWVVWURQJ
WKHRUHWLFDOEDVH,WZDVWUDQVODWHGLQWR(QJOLVKIRUDVWXG\LQ$XVWUDOLD$EERWWHWDO,W
ZDVODWHUGHYHORSHGVSHFLILFDOO\IRUD8.SRSXODWLRQE\%HXNHVHWDOWRLQFOXGH
LQWHUDFWLYHHOHPHQWVVXFKDVTXL]]HVYLGHRVGLDJUDPVDQGWRDFFRPPRGDWHGLIIHUHQWOHDUQLQJ
VW\OHV,WUDQRYHUDQZHHNSHULRGDQGFRYHUHGDEURDGDQGFRPSUHKHQVLYHVSHFWUXP
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
FRQVLVWLQJRIPRGXOHVRIZKLFKILYHZHUHRSWLRQDODVRXWOLQHGLQ7DEOH,QGLYLGXDO
PRGXOHVZHUHRUJDQLVHGLQWRDFOHDUVWUXFWXUHLQFOXGLQJDQRYHUYLHZH[SODQDWLRQDQG
UDWLRQDOVWHSE\VWHSLQVWUXFWLRQVDQGIXUWKHUKHOSVHFWLRQFRYHULQJSRVVLEOHGLIILFXOWLHVWKDW
PD\KDYHEHHQH[SHULHQFHGZLWKHDFKRIWKHWHFKQLTXHVVXJJHVWHG

3URFHVVHYDOXDWLRQSDUDPHWHUV
7KHSDUDPHWHUVXVHGZHUHVHOHFWHGIURPWKHWKUHHPRGHOVZLGHO\DSSOLHGWRLQWHUYHQWLRQ
GHOLYHU\QDPHO\WKH5($,0PRGHO*ODVJRZHWDOWKRVHE\%DUDQRZVNL	6WDEOHV
DQGWKHIUDPHZRUNE\/LQQDQDQG6WHFNOHU7KHSURFHVVHVVHOHFWHGFRYHUHGD
EURDGVSHFWUXPDQGDGGUHVVHGWKHVSHFLILFUHVHDUFKREMHFWLYHVRIWKLVVWXG\'DWDFROOHFWLRQ
ZDVPXOWLIDFHWHGDQGFRQVLVWHGRIGLIIHUHQWPHDVXUHVDWGLIIHUHQWWLPHSRLQWVDVRXWOLQHG
EHORZ

3URFHVVHVUHODWHGWRWKHUHVHDUFKFRQWH[WLQFOXGHG
5HFUXLWPHQWWKLVSURFHVVLGHQWLILHGWKHSURFHGXUHVXVHGWRDSSURDFKDQGDWWUDFWSDUWLFLSDQWV
WRSDUWLFLSDWHLQWKHVWXG\,WLQYHVWLJDWHGWKHHIIHFWLYHQHVVRIWKHVHUHFUXLWPHQWVWUDWHJLHVLQ
FUHDWLQJDZDUHQHVVRIWKHWULDOLQWKHWDUJHWHGSRSXODWLRQ*RRJOHDQDO\WLFVZDVXVHGWR
HYDOXDWHWKHUHFUXLWPHQWSURFHVVHVE\PRQLWRULQJWKHWUDIILFRQWKHUHFUXLWPHQWZHEVLWHDQGWR
H[DPLQHWUHQGVUHODWHGWRZKRZDVLQWHUHVWHGLQWKHLQWHUYHQWLRQ

5HDFKLQYHVWLJDWHGWKHH[WHQWWRZKLFKWKHLQWHUYHQWLRQZDVUHFHLYHGE\WKHWDUJHWHG
SRSXODWLRQ7KHWDUJHWSRSXODWLRQFRQVLVWHGRIWKRVHZLWKGLVWUHVVLQJWLQQLWXVZKRZHUH
XQGHUVHUYHGZLWKHYLGHQFHEDVHGLQWHUYHQWLRQV$GHPRJUDSKLFTXHVWLRQQDLUHZDVXVHGWR
GHWHUPLQHWKHGHPRJUDSKLFDOSURILOHRIWKHSDUWLFLSDQWVDQGLQFOXGHGTXHVWLRQVUHJDUGLQJ
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
WLQQLWXVGXUDWLRQSUHYLRXVPHGLFDOH[DPLQDWLRQVUHODWHGWRWLQQLWXVDQGSUHYLRXVWLQQLWXV
WUHDWPHQWV

&RQWH[WZDVFRQQHFWHGWRWKHVRFLDOGHPRJUDSKLFDODQGVRFLRHFRQRPLFFKDUDFWHULVWLFRIWKH
SDUWLFLSDQWVWKDWPD\DIIHFWJHQHUDOLVDELOLW\RIWKHRXWFRPHV

7KHIROORZLQJVHOIUHSRUWHGTXHVWLRQQDLUHVZHUHXVHGWRGHWHUPLQHWKHUHVHDUFKFRQWH[W
 7KH7),FRQVLVWLQJRILWHPVVFRUHGRQDVFDOHRI0HLNOHHWDOZDV
VHOHFWHGWRPHDVXUHWLQQLWXVGLVWUHVV
 7KH,QVRPQLD6HYHULW\,QGH[FRPSULVLQJRIVHYHQTXHVWLRQVVFRUHGEHWZHHQ
,6,%DVWLHQHWDOZDVXVHGWRGHWHUPLQHWKHSUHVHQFHRILQVRPQLD
 7KH*HQHUDOLVHG$Q[LHW\'LVRUGHUPDGHXSRIVHYHQLWHPVVFRUHGEHWZHHQ
*$'6SLW]HUHWDOZDVVHOHFWHGWRTXDQWLI\WKHOHYHORIDQ[LHW\
 7KH3DWLHQW+HDOWK4XHVWLRQQDLUH3+46SLW]HUHWDOZDVFKRVHQWR
HVWDEOLVKWKHSUHVHQFHRIGHSUHVVLRQ7KHQLQHLWHPVDUHVFRUHGEHWZHHQ
 7KH+HDULQJ+DQGLFDS,QYHQWRU\IRU$GXOWV6FUHHQLQJYHUVLRQ++,$6
1HZPDQHWDOZDVDOVRDGPLQLVWHUHGWRDVVHVVGLIILFXOW\KHDULQJ7KH
LWHPVDUHVFRUHGEHWZHHQ
 &RPPLWPHQWDQGPRWLYDWLRQUDWLQJVZHUHXVHGWRUDWHKRZFRPPLWWHGDQG
PRWLYDWHGSDUWLFLSDQWVZHUHWRWKHSURJUDPPHRQDVFDOHRIDWWKHVWDUWRIWKH
LQWHUYHQWLRQZLWK³´UHSUHVHQWLQJQRWFRPPLWWHGDQGQRWPRWLYDWHGDQGµ¶
UHSUHVHQWLQJYHU\FRPPLWWHGDQGYHU\PRWLYDWHG



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
3URFHVVHVUHODWHGWRWKHLQWHUYHQWLRQGHOLYHU\LQYROYHG
7UHDWPHQWGRVHGHOLYHUHGWKLVZDVGHILQHGDVLQWHUYHQWLRQFRPSRQHQWVDFWXDOO\SURYLGHGWR
SDUWLFLSDQWV7KLVHQFRPSDVVHGWKHFRQWHQWRIWKHLQWHUYHQWLRQWKHQDWXUHRIWKHJXLGHG
LQWHUYHQWLRQDQGKRZWKLVPD\LQIOXHQFHRXWFRPHV7KLVZDVGHWHUPLQHGE\LQYHVWLJDWLQJWKH
PRGXOHVSURYLGHGWKHQXPEHURIPHVVDJHVVHQWDQGWKHLQIOXHQFHRIWKHFKDUDFWHULVWLFVRIWKH
KHDOWKSURIHVVLRQDOJXLGLQJWKHLQWHUYHQWLRQ

7UHDWPHQWGRVHUHFHLYHGWKLVUHIHUUHGWRWKHH[WHQWWRZKLFKSDUWLFLSDQW¶VHQJDJHGDQG
DGKHUHGWRWKHLQWHUYHQWLRQ,WZDVGHWHUPLQHGE\GDWDORJJLQJIURPWKHLQWHUYHQWLRQZHEVLWH
/RJVRIV\VWHPXVDJHZHUHNHSWVXFKDVWKHQXPEHURIWLPHVSDUWLFLSDQWVDFFHVVHGWKH
LQWHUYHQWLRQZKLFKPRGXOHVZHUHUHDGDQGKRZPDQ\ZRUNVKHHWVWKH\FRPSOHWHG7KH
QXPEHURIPHVVDJHVVHQWE\SDUWLFLSDQWVZDVDOVRUHFRUGHG7KH7LQQLWXV+DQGLFDS,QYHQWRU\
6FUHHQLQJYHUVLRQ7+,61HZPDQHWDOZDVXVHGWRFRPSDUHGRVHUHFHLYHGZLWK
FKDQJHVLQWLQQLWXVGLVWUHVVRYHUWLPH

3URFHVVHVUHODWHGWRWKHRXWFRPHVREWDLQHGZHUH
,PSOHPHQWDWLRQILGHOLW\WKLVZDVGHILQHGDVWKHGHJUHHWRZKLFKWKHSURWRFROZDVFDUULHGRXW
DVLQWHQGHG$VLQWHUYHQWLRQILGHOLW\FDQEHDPRGHUDWRURIWKHUHODWLRQVKLSEHWZHHQ
LQWHUYHQWLRQVDQGWKHLULQWHQGHGRXWFRPHVLWLVLPSRUWDQWWRLQYHVWLJDWH'XVHQEXU\HWDO
,WZDVGHWHUPLQHGE\FRPSDULQJWKHDFWXDOSURWRFROWRWKHLQWHQGHGSURWRFROGHVFULEHG
LQ%HXNHVHWDO



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
%DUULHUVWRLPSOHPHQWDWLRQWKLVSURFHVVLQYHVWLJDWHGEDUULHUVWKDWPD\DIIHFWWKH
LPSOHPHQWDWLRQRIL&%7

$SRVWLQWHUYHQWLRQVDWLVIDFWLRQTXHVWLRQQDLUHGHVLJQHGIRUWKLVSDUWLFXODULQWHUYHQWLRQZDV
XVHGWRLGHQWLI\EDUULHUVUHJDUGLQJWKHVXLWDELOLW\FRQWHQWXVDELOLW\SUHVHQWDWLRQDQG
H[HUFLVHVRQWKHLQWHUYHQWLRQ7KHTXHVWLRQQDLUHFRQVLVWHGRITXHVWLRQV$ILYHSRLQW
/LNHUWVFDOHVFDOHZDVXVHGZLWK³´UHSUHVHQWLQJVWURQJO\GLVDJUHHDQG³´UHSUHVHQWLQJ
VWURQJO\DJUHH7KLVZDVFRPSOHWHGE\HDFKJURXSDIWHUWKH\FRPSOHWHGWKHLQWHUYHQWLRQ
2SHQHQGHGTXHVWLRQVZHUHDOVRXVHGWRRIIHUWKHRSSRUWXQLW\IRUSDUWLFLSDQWVWRDGGDQ\
SRVLWLYHRUQHJDWLYHFRPPHQWVDQGDQ\VXJJHVWLRQVUHJDUGLQJWKHL&%7LQWHUYHQWLRQ

)DFLOLWDWLRQRIHIIHFWLYHQHVVWKLVSURFHVVLGHQWLILHGZKLFKDVSHFWVLPSDFWHGRQLQWHUYHQWLRQ
HIIHFWLYHQHVVIURPWKHSDUWLFLSDQW¶VSHUVSHFWLYH7KHLQIRUPDWLRQREWDLQHGZDVUHODWHGEDFNWR
WKHFRQWH[WRIWKHRXWFRPHGDWD

7RH[DPLQHHIIHFWLYHQHVVDEHQHILWTXHVWLRQQDLUHZDVXVHGWRUDWHWKHL&%7PRGXOHV7KH
TXHVWLRQQDLUHFRQVLVWHGRIDILYHSRLQW/LNHUWVFDOHZLWK³´UHSUHVHQWLQJQRWXVHIXODQG³´
UHSUHVHQWLQJYHU\XVHIXO

'DWD$QDO\VLV
7KH6WDWLVWLFDO3DFNDJHIRU6RFLDO6FLHQFHVYHUVLRQZDVXVHGIRUGDWDDQDO\VHV
'HVFULSWLYHVWDWLVWLFVZHUHXVHGWRHYDOXDWHWKHVDPSOHFKDUDFWHULVWLFVDQGUDWLQJVSURYLGHG
)RUFRPSDULVRQSXUSRVHVLQGLYLGXDOVFRUHVIRUHDFKDVVHVVPHQWPHDVXUHZHUHFRQYHUWHGWR
SHUFHQWDJHV%DVHOLQHJURXSGLIIHUHQFHVZHUHDQDO\VHGXVLQJLQGHSHQGHQWVDPSOHGWWHVWVIRU
FRQWLQXRXVYDULDEOHVDQG&KL6TXDUHGWHVWVIRUFDWHJRULFDOYDULDEOHV
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
5HVXOWV
3URFHVVHVUHODWHGWRWKHUHVHDUFKFRQWH[WLQFOXGHG
5HFUXLWPHQWSURFHVVHV
$FRPSUHKHQVLYHVWXG\ZHEVLWHZDVGHVLJQHGIRUUHFUXLWPHQWSXUSRVHV,WLQFOXGHGVHFWLRQV
GHWDLOLQJWKHLQWHUYHQWLRQZKDWKDSSHQVGXULQJWKHVWXG\ZKRWKHVWXG\LVVXLWDEOHIRUDQG
FRQWDFWGHWDLOVLIPRUHLQIRUPDWLRQZDVUHTXLUHG7KHUHZDVDOLQNRQWKHZHEVLWHWRUHJLVWHU
IRUWKHVWXG\7KRVHUHJLVWHUHGZHUHLQYLWHGWRFRPSOHWHWKHVFUHHQLQJTXHVWLRQQDLUHDIWHUWKH
VWXG\FRPPHQFHG7RLPSURYHFRYHUDJHDSUHVVUHOHDVHZDVZULWWHQZKLFKJDYHLQIRUPDWLRQ
DERXWWLQQLWXVWKHVWXG\DQGKRZWRUHJLVWHU,WZDVSXEOLVKHGLQQHZVSDSHUVDQGPDJD]LQHV
DFURVVWKH8.7RWDUJHWWKRVHZKRXVHWKH,QWHUQHW7ZLWWHUIRUXPV)DFHERRNDQGZHEVLWHV
FRQWDLQLQJLQIRUPDWLRQDERXWFOLQLFDOWULDOVZHUHXVHGWRVKDUHWKHVWXG\LQIRUPDWLRQ

*RRJOH$QDO\WLFVLQGLFDWHGWKDWWKHUHZHUHDURXQGVHVVLRQVIURPXVHUVRQWKH
UHFUXLWPHQWZHEVLWHGXULQJWKHUHFUXLWPHQWSHULRG7KHPDMRULW\RIWKHYLHZVZHUHIURPWKH
8.7KHUHZHUHYLHZVIURPRWKHUFRXQWULHVSRVVLEO\OLQNHGWRWKHWULDOEHLQJUHJLVWHUHGRQ
FOLQLFDOWULDOVJRYDQGWKHUHIRUHHDVLO\ORFDWHGZRUOGZLGH7KHPRVWYLHZVZHUHRQWKHGD\
WKDWUHFUXLWPHQWZHQWOLYHZLWKSDJHYLHZV7KHDYHUDJHVHVVLRQGXUDWLRQZDV
PLQXWHVLQGLFDWLQJWKDWWKRVHLQWHUHVWHGWKRURXJKO\FRQVLGHUHGWKHLQIRUPDWLRQSUHVHQWHG
UHJDUGLQJWKHWULDO7KHPDMRULW\RIWKHYLVLWRUVUHWXUQHGWRWKHUHFUXLWPHQWSDJHV
7KHPDLQORFDWLRQVRIWKRVHYLVLWLQJWKHZHEVLWHZHUH/RQGRQ6RXWKDPSWRQ0DQFKHVWHU
+DVWLQJVDQG%LUPLQJKDP7KHPDLQSDJHVVHDUFKHGRQWKHUHFUXLWPHQWZHEVLWHZHUHµZKR
PD\MRLQ¶µDERXWWKHSURJUDPPH¶DQGµZKDWKDSSHQVGXULQJWKHVWXG\¶7KHUHFUXLWPHQW
VWUDWHJLHVZHUHVXFFHVVIXODWFUHDWLQJHQRXJKLQWHUHVWLQWKHWULDO7KHUHTXLUHGQXPEHURI
SDUWLFLSDQWVZHUHUHFUXLWHGDFFRUGLQJWRVDPSOHVL]HFDOFXODWLRQVIRUWKLVSDUWLFXODUWULDO

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
5HDFK
3DUWLFLSDQWVZHUHVSUHDGDFURVVWKH8.DOWKRXJKWKHPDMRULW\ZHUHEDVHGLQ(QJODQGDVVHHQ
LQ)LJXUH
>)LJXUHQHDUKHUH@

7KHLQWHQGHGVDPSOHRIWKRVHWKDWKDGDOUHDG\KDGDPHGLFDOH[DPLQDWLRQGXHWRWLQQLWXVZDV
HYLGHQWDVKDGVHHQWKHLU*HQHUDO3UDFWLWLRQHUDQGUHSRUWHGKDYLQJVHHQDQG
(DU1RVHDQG7KURDWVSHFLDOLVW,WZDVDOVRIRXQGWKDWWKHJUHDWHUSDUWZHUHXQGHUVHUYHGZLWK
WLQQLWXVLQWHUYHQWLRQDVKDGQRWKDGDFFHVVWRSUHYLRXVLQWHUYHQWLRQV2IWKRVHWKDWKDG
KDGWUHDWPHQWWKLVLQFOXGHG$XGLRORJLFDOWUHDWPHQWWLQQLWXVUHWUDLQLQJWKHUDS\
PHGLFDOLQWHUYHQWLRQV3V\FKRORJLFDOWUHDWPHQWVFRPSOHPHQWDU\
WKHUDSLHV7KHPDMRULW\ZHUHQRWDWWHQGLQJWLQQLWXVVXSSRUWJURXSVDQG
WKHUHIRUHQRWUHFHLYLQJDGGLWLRQDOWLQQLWXVVXSSRUW7KHUHDFKWKHUHIRUHLQFOXGHGDGXOWV
DFURVVWKH8.ZKRSUHYLRXVO\KDGQRDFFHVVWRVHUYLFHVWKDWSURYLGHGPDQDJHPHQWVWUDWHJLHV
IRUWKHLUWLQQLWXV

7KHFRQWH[WRIWKH5&7SDUWLFLSDQWV
7KHVRFLDOGHPRJUDSKLFDODQGVRFLRHFRQRPLFFKDUDFWHULVWLFVRIWKHSDUWLFLSDQWVZKR
SDUWLFLSDWHGLQWKHWULDODUHVKRZQLQ7DEOH7KHUHZHUHQRVLJQLILFDQWGLIIHUHQFHVIRUDQ\
GHPRJUDSKLFDORUFOLQLFDOYDULDEOHVEHWZHHQWKHH[SHULPHQWDODQGFRQWUROJURXSVDWEDVHOLQH
WKDWPD\KDYHFUHDWHGELDV
>7DEOHQHDUKHUH@
$JRRGUDQJHRIDJHVZHUHUHSUHVHQWHGLQWKHVWXG\\HDUVZLWKDPHDQRI\HDUV
6'7KHPHDQ7),VFRUHIRUWLQQLWXVVHYHULW\ZDV6'ZLWKDUDQJHRI
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
WR7KHUHZHUHSDUWLFLSDQWVH[FOXGHGDVWKHLU7),VFRUHVZHUHEHORZ
WKHLQFOXVLRQOHYHORI0HLNOHHWDO
7KHPHDQ DQ[LHW\ VFRUH RQ WKH*$' ZDV  6'  LQGLFDWLQJPLOG DQ[LHW\ 7KH
PDMRULW\RUSDUWLFLSDQWVKDGHLWKHUPLQLPDORUPLOGDQ[LHW\7KHUHZHUH
IHZHUSDUWLFLSDQWVZLWKPRGHUDWHRUVHYHUHDQ[LHW\$VLPLODUSDWWHUQZDV
IRXQGIRUWKHPHDQGHSUHVVLRQVFRUHVRQWKH3+46SLW]HUHWDOZLWKDVFRUHRI
6'7KHPDMRULW\KDGPLOGGHSUHVVLRQ7KH,6,LQGLFDWHGWKDWWKHPDMRULW\RI
SDUWLFLSDQWV KDG VXEWKUHVKROG LQVRPQLD  RU PRGHUDWH LQVRPQLD  6HOI
UHSRUWHG KHDULQJ GLVDELOLW\ LQGLFDWHG WKDW WKH PDMRULW\  KDG  SUREDELOLW\ RI
KHDULQJGLVDELOLW\ZLWKXVLQJKHDULQJDLGV

3DUWLFLSDQWVIURPDODUJHUDQJHRIHGXFDWLRQDODQGYRFDWLRQDOEDFNJURXQGVZHUHGUDZQWRWKH
VWXG\7KLVLQFOXGHGZKRZHUHZRUNLQJDQGZHUHUHWLUHGRUXQHPSOR\HG$
UDQJHRISURIHVVLRQVZHUHGUDZQWRWKHVWXG\LQFOXGLQJWKRVHZLWKWHFKQLFDOVHUYLFHVDOHV
DQGDGPLQLVWUDWLYH UROHV(GXFDWLRQ OHYHOVDOVR UDQJHGZLGHO\ZLWKDURXQGKDOI HGXFDWHG WR
KLJKVFKRRORUFROOHJHOHYHODQGWKHRWKHUKDOIKDYLQJUHFHLYHGYRFDWLRQDORUGHJUHHWUDLQLQJ

3DUWLFLSDQWVZHUHDVNHGWRUDWHKRZFRPPLWWHGWKH\ZHUHWRWKHSURJUDPPHRQDVFDOHRI
DWWKHVWDUWRIWKHLQWHUYHQWLRQ7KHPHDQUDWLQJZDV6'7RIXOO\EHQHILW
SDUWLFLSDQWVKDGWREHZLOOLQJWRWU\QHZWHFKQLTXHVWROHDUQWRPLQLPLVHWKHLPSDFWRI
WLQQLWXV%HIRUHVWDUWLQJWKH\ZHUHDVNHGWRUDWHKRZZLOOLQJWKH\ZHUHWRWU\QHZWKLQJVRQD
VFDOHRI7KHPHDQUDWLQJZDV6'7KH\ZHUHWKHUHIRUHYHU\PRWLYDWHGDQG
ZLOOLQJWRWU\QHZWHFKQLTXHVEHIRUHVWDUWLQJWKHSURJUDPPH

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
7KHFRQWH[WRIWKHUHVHDUFKLQFOXGHGDZLGHUDQJHRIGHPRJUDSKLFEDFNJURXQGV3DUWLFLSDQWV
DOVRSUHVHQWHGZLWKYDU\LQJVHYHULW\OHYHOVIRUERWKWLQQLWXVGLVWUHVVDQGIRUWKHDVVRFLDWHG
GLIILFXOWLHVVXFKDVDQ[LHW\GHSUHVVLRQDQGLQVRPQLD7KH\DSSHDUHGFRPPLWWHGDQGZLOOLQJ
WRWU\WKHLQWHUYHQWLRQSULRUWRFRPPHQFLQJ

3URFHVVHVUHODWHGWRWKHLQWHUYHQWLRQGHOLYHU\
$PRXQWRIWUHDWPHQWGRVHGHOLYHUHG
7KHLQWHUYHQWLRQPRGXOHVZHUHUHOHDVHGRQDZHHNO\EDVLVRYHUDQHLJKWZHHNSHULRG(DFK
ZHHNWZRUHFRPPHQGHGPRGXOHVZHUHUHOHDVHG$QDGGLWLRQDOZHHNO\RSWLRQDOPRGXOHZDV
UHOHDVHGEHWZHHQZHHNV3DUWLFLSDQWVZHUHLQVWUXFWHGWRHQJDJHZLWKWKHPRGXOHVDQG
WKHQSUDFWLVHWKHVXJJHVWHGWHFKQLTXHVRQDGDLO\EDVLV7RHQVXUHWKDWWKHLQWHUYHQWLRQZDV
DFFHVVLEOHWKHLQIRUPDWLRQFRXOGEHUHDGRQOLQHGRZQORDGHGWRUHDGRIIOLQHRUSULQWHG,WZDV
DOVRDFFHVVLEOHLQDUDQJHRIIRUPDWVLQFOXGLQJFRPSXWHUVERWK3&DQG0DFWDEOHWVDQG
VPDUWSKRQHV

7KHLQWHUYHQWLRQZDVJXLGHGDQGWKHTXDOLW\RIWKHGHOLYHU\ZRXOGWKHUHIRUHEHSDUWO\
DIIHFWHGE\WKHQDWXUHRIWKLVJXLGDQFH7RPDLQWDLQFRQVLVWHQF\ZLWKWKHVWDQGDUGDSSURDFK
RIWLQQLWXVWKHUDS\EHLQJGHOLYHUHGZLWKLQWKH$XGLRORJ\FRPPXQLW\LQWKH8.DQ
$XGLRORJLVWJXLGHGWKLVLQWHUYHQWLRQ$Q$XGLRORJLFDO6FLHQWLVWDSSURSULDWHO\WUDLQHGWR
0DVWHUV/HYHODQGUHJLVWHUHGZLWKWKH+HDOWKDQG&DUH3URIHVVLRQV&RXQFLO+&3&
XQGHUWRRNWKHUROHRIVXSSRUWLQJWKHSDUWLFLSDQWV7KH$XGLRORJLVWZDVH[SHULHQFHGLQ
PDQDJLQJWLQQLWXVSDWLHQWVERWKLQDFOLQLFDOVHWWLQJDQGRQOLQHDQGKDGDVXLWDEOH
XQGHUVWDQGLQJRI&%7SULQFLSOHVEXWQRIRUPDO&%7WUDLQLQJ7KHJXLGDQFHLQFOXGHG
FRQGXFWLQJWKHWHOHSKRQHLQWHUYLHZVLQWURGXFLQJZHHNO\PRGXOHVSURYLGLQJIHHGEDFN
DQVZHULQJTXHULHVVXSSRUWLQJDQGHQFRXUDJLQJHQJDJHPHQW7KHUHFRPPHQGHGWLPH
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
JXLGHOLQHRIDPLQLPXPRIPLQXWHVSHUSDUWLFLSDQWZDVDSSOLHGWRWKLVVWXG\7KHFOLQLFLDQ
ZDVDOHUWHGHYHU\WLPHSDUWLFLSDQWVFRPSOHWHGDZRUNVKHHWDQGWKH\ZHUHWKHQJLYHQIHHGEDFN
LQWKHIRUPRIDZULWWHQPHVVDJH7KHVHPHVVDJHVSURYLGHGDGYLFHDQGIXUWKHUVXJJHVWLRQVDV
UHTXLUHG7KH$XGLRORJLVWVHQWWDLORUHGPHVVDJHVRQDYHUDJHWRHDFK
SDUWLFLSDQW7KHJXLGDQFHZDVSURYLGHGLQDQDV\QFKURQRXVPDQQHUXVLQJDVHFXUHHQFU\SWHG
PHVVDJLQJV\VWHP7KLVHQDEOHGWZRZD\FRPPXQLFDWLRQEHWZHHQWKH$XGLRORJLVWDQGWKH
SDUWLFLSDQWV6\QFKURQRXVJXLGDQFHXVLQJWHOHSKRQHFDOOVZDVSURYLGHGZLWKDPLQLPXPRI
DQLQWURGXFWLRQWHOHSKRQHFDOODQGDVXPPDU\WHOHSKRQHFDOO$GGLWLRQDOFDOOVZHUHPDGHDV
UHTXLUHGGXULQJWKHLQWHUYHQWLRQWRHQFRXUDJHHQJDJHPHQWRUWRDGGUHVVSDUWLFXODUGLIILFXOWLHV
DQLQGLYLGXDOZDVKDYLQJ$FRPSUHKHQVLYHJXLGHGHYLGHQFHEDVHGLQWHUYHQWLRQZDV
WKHUHIRUHGHOLYHUHGLQDQDFFHVVLEOHIRUPDWZLWKWKHUHFRPPHQGHGDPRXQWRIJXLGDQFH

$PRXQWRIWUHDWPHQWGRVHUHFHLYHG
7KHPDMRULW\RISDUWLFLSDQWVZHUHDEOHWRXWLOLVHWKHLQWHUYHQWLRQ)RUWKRVHWKDWZLWKGUHZ
UHDVRQVJLYHQZHUHJHQHUDOO\WKDWWKH\ZHUHWRREXV\RUGHYHORSHGSRRUKHDOWK7KHH[WHQWWR
ZKLFKSDUWLFLSDQWVDFWLYHO\HQJDJHGDQGLQWHUDFWHGZLWKWKHUHVRXUFHVSURYLGHGE\WKLVL&%7
LQWHUYHQWLRQZDVXVHGWRGHWHUPLQHWKHGRVHUHFHLYHG3DUWLFLSDQWVORJJHGLQWRWKHSURJUDPPH
DQDYHUDJHRIWLPHV$QDYHUDJHRIRIWKHUHFRPPHQGHGPRGXOHVDQGRI
WKHRSWLRQDOPRGXOHZHUHUHDG7KHRSWLRQDOPRGXOHVDQGPRGXOHVRFFXUULQJODWHULQWKH
LQWHUYHQWLRQZHUHUHDGOHVVWKDQWKHHDUOLHUPRGXOHV2YHUDOORIWKHZRUNVKHHWVZHUH
FRPSOHWHG$VLPLODUWUHQGWRWKDWVHHQZLWKWKHPRGXOHUHDGVZDVREVHUYHGZLWKPRUH
ZRUNVKHHWVFRPSOHWHGIRUWKHLQLWLDOPRGXOHVDQGOHVVIRUWKHODWHUDQGRSWLRQDOPRGXOHVDV
VHHQLQ)LJXUH

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
3DUWLFLSDQWVZHUHPRQLWRUHGZHHNO\IRUWLQQLWXVVHYHULW\ZKLOVWWKHH[SHULPHQWDOJURXS
XQGHUWRRNWKHLQWHUYHQWLRQ77)URPZHHNWRWKHUHZHUHVLJQLILFDQWGLIIHUHQFHVDV
WKHH[SHULPHQWDOJURXS¶VWLQQLWXVGLVWUHVVZDVUDWHGVLJQLILFDQWO\ORZHUWKDQWKDWRIWKH
FRQWUROJURXSZKRZHUHQRWXQGHUJRLQJWKHLQWHUYHQWLRQ7KLVWUHQGRIORZHULQJWLQQLWXV
GLVWUHVVIRUWKHH[SHULPHQWDOJURXSLVVHHQLQ)LJXUH7KHUHIRUHDOWKRXJKIHZHUPRGXOHV
DQGZRUNVKHHWVZHUHFRPSOHWHGDVWKHLQWHUYHQWLRQSURJUHVVHGWKLVPD\SDUWO\EHGXHWRDQ
LPSURYHPHQWLQWLQQLWXVUHODWHGGLVWUHVVDQGWKHUHIRUHOHVVQHHGIRUWKHSURJUDPPH
6DWLVIDFWLRQRIWKHPRGXOHLQIRUPDWLRQIRUHDFKZHHNLVDOVRVHHQLQ)LJXUH7KLVWUHQGZDV
PRUHOLQHDUDQGGLGQRWDSSHDUWRKDYHDQLPSDFWRQWKHQXPEHURIPRGXOHVUHDGRU
ZRUNVKHHWVFRPSOHWHG
>)LJXUHVQHDUKHUH@

3DUWLFLSDQWVVHQWIHZHUPHVVDJHVWKDQWKHWKHUDSLVWDWPHVVDJHVZLWKDQDYHUDJHRI
SHUSDUWLFLSDQWWKDWFRPSOHWHGWKHLQWHUYHQWLRQ$WWKHHQGRIWKHLQWHUYHQWLRQSDUWLFLSDQWV
LQGLFDWHGWKDWWKH\VSHQWDQDYHUDJHRI6'PLQXWHVSHUZHHNJRLQJWKURXJKWKH
PRGXOHFRQWHQWZLWKUDQJHVEHWZHHQPLQXWHVUHSRUWHG6RPHSDUWLFLSDQWV
PHQWLRQHGWKDWLWZDVGLIILFXOWWRILWLQWKHZRUNZLWKLQWKHHLJKWZHHNSHULRG)RUWKHVH
SDUWLFLSDQWVWKHWLPHSHULRGZDVH[WHQGHGE\WZRZHHNV

'HVSLWHQRWDOOSDUWLFLSDQWVIXOO\LQWHUDFWLQJZLWKWKHLQWHUYHQWLRQVLJQLILFDQWSRVLWLYHSRVW
LQWHUYHQWLRQUHVXOWVZHUHREWDLQHGZLWKDEHWZHHQJURXSHIIHFWVL]HRI&RKHQ¶VG IRU
WKH7),



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
3URFHVVHVUHODWHGWRWKHRXWFRPHVREWDLQHG
,PSOHPHQWDWLRQILGHOLW\
7KLVLQWHUYHQWLRQZDVGHOLYHUHGDVSODQQHG7KHUHZHUHQRFKDQJHVWRWKHPHWKRGVRU
RXWFRPHPHDVXUHVXVHGDIWHUWULDOFRPPHQFHPHQW7KLVZDVSDUWO\GXHWRPHWKRGRORJ\
IROORZHGLQWKDWLQLWLDOO\WKH5&7VWXG\SURWRFROZDVSHHUUHYLHZHGDQGDPHQGPHQWV
IROORZHGWKHVHUHFRPPHQGDWLRQV)XUWKHUFKDQJHVZHUHLQFRUSRUDWHGDIWHUWLQQLWXV
SURIHVVLRQDOVHYDOXDWHGWKHSURJUDPPHLQWHUPVRIDFFHSWDELOLW\DQGVXLWDELOLW\VHH%HXNHVHW
DO$SLORWVWXG\PRUHRYHULGHQWLILHGVKRUWFRPLQJV7KHLQWHUYHQWLRQDQGSURWRFRO
ZHUHDGDSWHGDFFRUGLQJO\VHH%HXNHVHWDOD7KHUHIRUHWKHSURWRFRODQGLQWHUYHQWLRQ
KDGDOUHDG\EHHQPRGLILHGSULRUWRWKH5&7FRPPHQFLQJ7KHRQO\PRGLILFDWLRQZDV
H[WHQGLQJWKHWUHDWPHQWSHULRGE\WZRZHHNVIRUWKRVHWKDWZHUHXQDEOHWRFRPSOHWHWKH
LQWHUYHQWLRQZLWKLQWKHJLYHQWLPHIUDPHGXHWRXQIRUHVHHQFLUFXPVWDQFHV

%DUULHUVWRLPSOHPHQWDWLRQ
3DUWLFLSDQWVZKRFRPSOHWHGWKHLQWHUYHQWLRQZHUHDVNHGWRUDWHWKHSURJUDPPHLQRUGHUWR
GHWHUPLQHZKHUHEDUULHUVWRLQWHUYHQWLRQXVDJHH[LVWHG$VSDUWLFLSDQWVZKRFRPSOHWHGWKH
LQWHUYHQWLRQRQO\JDYHWKHVHUDWLQJVDQHOHPHQWRIELDVZDVDGGHG2YHUDOOWKHLQWHUYHQWLRQ
ZDVUDWHGKLJKO\ZLWKDPHDQVFRUHRIJUHDWHUWKDQRXWRIIRUPRVWFDWHJRULHVDVLQGLFDWHG
LQ)LJXUH7KHWKUHHDUHDVZLWKVFRUHVEHORZZHUHVHOIPRWLYDWLRQFRPSOHWLQJWKH
ZRUNVKHHWVDQGXQGHUVWDQGDELOLW\RIWKHLQWHUYHQWLRQ7KHVHEDUULHUVFDQDIIHFWWKH
DSSOLFDWLRQRIWKLVLQWHUYHQWLRQ6HOIPRWLYDWLRQDSSHDUHGWRGHFUHDVHIRUVRPHSDUWLFLSDQWVDV
VHHQE\WKHQXPEHURIPRGXOHVUHDGDQGWKHZRUNVKHHWVFRPSOHWHGIRUODWHUSDUWVRIWKH
LQWHUYHQWLRQ6RPHRIWKHZRUNVKHHWVZLWKWRRPDQ\DUHDVWRFRPSOHWHHJVHFWLRQVIRUWKH
GDWHHIIHFWLYHQHVVUDWLQJZKDWZDVGRQHIXUWKHUFRPPHQWVFRXOGEHVLPSOLILHG7KH
LQWHUYHQWLRQFRQWHQWZRXOGEHQHILWIURPUHYLVLRQWRLPSURYHXQGHUVWDQGDELOLW\
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

>)LJXUHQHDUKHUH@

$IXUWKHUEDUULHUHQFRXQWHUHGZDVPRWLYDWLQJSDUWLFLSDQWVWRFRPSOHWHWKHHQGRILQWHUYHQWLRQ
DQGIROORZXSTXHVWLRQQDLUHV'HVSLWHWKUHHDXWRPDWLFUHPLQGHUVDVZHOODVIXUWKHUSHUVRQDO
UHPLQGHUVE\WKH$XGLRORJLVWRIWKHSDUWLFLSDQWVFRPSOHWHGWKHDVVHVVPHQWPHDVXUHV
SRVWWUHDWPHQWZKLOVWFRPSOHWHGWKHVHDWIROORZXS.HHSLQJVRPHSDUWLFLSDQWV
HQJDJHGGXULQJWKHLQWHUYHQWLRQZDVDOVRFKDOOHQJLQJ0HVVDJHVZHUHVHQWWRWKRVHZKRZHUH
QRWHQJDJLQJ,IWKHUHZDVQRUHVSRQVHDWHOHSKRQHFDOOZDVPDGHWRWKHP6RPHSDUWLFLSDQWV
IRXQGWKHODFNRILPPHGLDWHUHVXOWVGHWHUUHGWKHPIURPFRQWLQXLQJZLWKWKHLQWHUYHQWLRQ
6HOIPRWLYDWLRQIDPLO\LVVXHVQHZKHDOWKSUREOHPVDQGWLPHSUHVVXUHVZHUHWKHPDLQ
EDUULHUVWRLPSOHPHQWDWLRQWKDWZHUHLGHQWLILHG

*RRJOH$QDO\WLFVLQGLFDWHGWKDWWKHPDMRULW\RIWKRVHORRNLQJDWWKHUHFUXLWPHQWZHEVLWHZHUH
DJHGWR\HDUVDQGWKHOHDVWDJHGWR\HDUVRURYHU\HDUVERWKDW
2ILQWHUHVWLVWKDWWKRVHWKDWFKRVHWRSDUWLFLSDWHZHUHJHQHUDOO\ROGHUDQGDPXFK
VPDOOHUSHUFHQWDJHRIWKRVHDJHGEHORZ\HDUVGHFLGHGWRSDUWLFLSDWH2IWKRVHWKDWYLHZHG
WKHUHFUXLWPHQWSDJHVZHUHPDOHDQGZHUHIHPDOH$VOLJKWO\KLJKHU
SURSRUWLRQRIPHQMRLQHGWKHVWXG\6WUDWHJLHVWRPLQLPLVHEDUULHUVDQGUHDFK
SRSXODWLRQVZKRZHUHKHVLWDQWWRSDUWDNHDUHUHTXLUHG

)DFLOLWDWLRQRIHIIHFWLYHQHVV
)ROORZLQJXQGHUWDNLQJWKHLQWHUYHQWLRQSDUWLFLSDQWVZHUHDVNHGWRUDWHKRZEHQHILFLDO
GLIIHUHQWFRPSRQHQWVZLWKLQWKHLQWHUYHQWLRQZHUH7KHUHVXOWVDUHLQGLFDWHGLQ)LJXUH7KH
DSSOLHGUHOD[DWLRQPRGXOHVZHUHUDWHGWKHPRVWEHQHILFLDOZKLOHWKHKHDULQJWDFWLFVPRGXOH
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
ZDVUDWHGWKHOHDVWEHQHILFLDO7KHVHUDWLQJVZHUHDOVRUHIOHFWHGLQVRPHRIWKHRXWFRPHV
REWDLQHG7KHUHZHUHQRVLJQLILFDQWJURXSGLIIHUHQFHVLQKHDULQJGLVDELOLW\GLUHFWO\IROORZLQJ
WKHH[SHULPHQWDOJURXSXQGHUWDNLQJWKHLQWHUYHQWLRQ) S %HXNHVHWDO
E7KHKHDULQJWDFWLFVPRGXOHZDVLQFOXGHGDVDQRSWLRQDOPRGXOHWRSURYLGHWDFWLFVWR
PLQLPLVHKHDULQJGLVDELOLW\KRZHYHUPDQ\SDUWLFLSDQWVFKRVHQRWWRGRLW3DUWLFLSDQWVPD\
QRWKDYHUHDOLVHGWKHUHOHYDQFHRIWKHPRGXOHLQWKHFRQWH[WRIDWLQQLWXVLQWHUYHQWLRQ
2XWOLQLQJWKHUDWLRQDOHRIWKHKHDULQJWDFWLFVPRGXOHVKRXOGEHLQFRUSRUDWHGLQIXWXUHWULDOV

$OWKRXJKWKHVOHHSJXLGHOLQHVZHUHQRWUDWHGDVKLJKDVVRPHRIWKHRWKHUPRGXOHVWKHUHZDV
DVLJQLILFDQWSRVLWLYHEHWZHHQJURXSGLIIHUHQFH&RKHQ¶VG DIWHUWKHH[SHULPHQWDO
JURXSFRPSOHWHGWKHLQWHUYHQWLRQ77%HXNHVHWDOE7KHLQWHUDFWLRQRIWKHYDULRXV
PRGXOHVPD\KDYHFRQWULEXWHGWRLPSURYHPHQWVVHHQSRVWLQWHUYHQWLRQRQDVVHVVPHQW
PHDVXUHVIRULQVRPQLDGHSUHVVLRQDQGTXDOLW\RIOLIH
>)LJXUHQHDUKHUH@
)URPWKHUHVSRQVHVWRRSHQHQGHGTXHVWLRQVLWZDVHYLGHQWWKDWDQ,QWHUQHWLQWHUYHQWLRQZDV
YDOXHGE\SDUWLFLSDQWVGXHWRWKHDELOLW\WRDFFHVVKHOSLQWKHFRPIRUWRIWKHLURZQKRPHV
ZLWKRXWQHHGLQJWREHDZD\IURPZRUNIRUDKRVSLWDODSSRLQWPHQW)XUWKHUPRUHZRUNLQJDW
WKHLURZQSDFHZDVDQDGYDQWDJH3DUWLFLSDQWVDOVRIRXQGLWXVHIXOWRDFFHVVWKHLQIRUPDWLRQ
ZKHQWKH\ZHUHRXWVXFKDVRQDWUDLQGXHWRWKHZHEVLWHEHLQJDEOHWREHYLHZHGRQPRELOH
GHYLFHVDVZHOOGXHWRWKHUHVSRQVLYHQDWXUHRIWKHZHEVLWHGHVLJQ7KHVHIDFWRUVFRQWULEXWHG
WRWKHHIIHFWLYHQHVVRIWKHLQWHUYHQWLRQ

'LVFXVVLRQ
3URFHVVHYDOXDWLRQZDVSHUIRUPHGWRLGHQWLI\DVSHFWVWKDWFRXOGIDFLOLWDWHRUKLQGHUFOLQLFDO
LPSOHPHQWDWLRQRIDQ,QWHUQHWEDVHGFRJQLWLYHEHKDYLRXUDOWKHUDS\LQWHUYHQWLRQIRUWLQQLWXV
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
L&%7LQWKH8.7KLVZDVGRQHE\H[SORULQJWKHUHVHDUFKFRQWH[WWKHLQWHUYHQWLRQ
FRPSRQHQWVDQGWKHIDFWRUVWKDWFRQWULEXWHGWRWKHRXWFRPHVREWDLQHG

7KHLPSDFWRIWKHUHVHDUFKFRQWH[W
7KHUHFUXLWPHQWVWUDWHJ\ZDVH[SDQGHGIROORZLQJWKHSLORWVWXG\DQGZDVHIIHFWLYHDW
UHFUXLWLQJWKHUHTXLUHGVDPSOHVL]H6RPHSHRSOHZKRUHJLVWHUHGIRUWKHWULDOGLGQRWSXUVXH
WKHLQWHUYHQWLRQ7KLVZDVUHODWHGWRWKHWLPLQJRIWKHLQYHQWLRQQRWEHLQJFRQYHQLHQWLQPRVW
FDVHV&RQVLGHULQJWKHKLJKSUHYDOHQFHRIWLQQLWXVUHFUXLWPHQWVWUDWHJLHVZLOOQHHGWREH
H[SDQGHGLIPRUHLQGLYLGXDOVDUHWREHPDGHDZDUHRIWKLVLQWHUYHQWLRQ

7KHLQWHQGHGVDPSOHRIWKRVHZLWKGLVWUHVVLQJWLQQLWXVZKRZHUHXQGHUVHUYHGZLWKHYLGHQFH
EDVHGWLQQLWXVLQWHUYHQWLRQVZDVUHDFKHG7KHPDMRULW\KDGQRWKDGSUHYLRXVWLQQLWXV
WUHDWPHQWVDQGZHUHQRWDWWHQGLQJWLQQLWXVVXSSRUWJURXSV$ODUJHSURSRUWLRQRIWKHVH
LQGLFDWHGWKDWWKH\KDGVHHQDQ(17VSHFLDOLVW7KLVSHUFHQWDJHLVKLJKHUWKDQWKH
HVWLPDWHGUHIHUUDOUDWHVWRVSHFLDOLVWVHUYLFHVRIE\JHQHUDOSUDFWLWLRQHUV(O6KXQQHUHW
DO:KLOVWGHILQLWLYHLQIRUPDWLRQDERXWZKDWZRXOGEHDQRSWLPDOUDWHRIUHIHUUDOWR
VHFRQGDU\FDUHIRUWLQQLWXVLVQRWDYDLODEOHWKHUHLVHYLGHQFHRIDQXQPHWQHHGLQWKHWLQQLWXV
SRSXODWLRQ*DQGHUHWDO2IWKRVHWKDWKDGDFFHVVHGSUHYLRXVLQWHUYHQWLRQV
LQGLFDWHGWKH\KDGKDGSUHYLRXVDXGLRORJLFDOWUHDWPHQWV7KLVLVLQOLQHZLWKFXUUHQWHVWLPDWHG
UHIHUUDOUDWHVRIE\*HQHUDO3UDFWLWLRQHUV(O6KXQQHUHWDO)HZKDGKDG
SV\FKRORJLFDOWUHDWPHQWVZKLFKJHQHUDOO\FRYHU&%7SULQFLSOHV7KHFRJQLWLYHEHKDYLRXUDO
WKHUDS\DVSHFWRIWKHLQWHUYHQWLRQPD\WKHUHIRUHKDYHGUDZQVRPHSDUWLFLSDQWV

7KHGHPRJUDSKLFDOVSUHDGRISDUWLFLSDQWVZDV8.ZLGHDOWKRXJKIHZHUSDUWLFLSDQWVZHUH
IURPWKHUHJLRQVVXFKDVIURP6FRWODQGRU:DOHV7KLVFRXOGSDUWO\UHIOHFWWKHHIIHFWRIWKH
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
YDULDWLRQRIDYDLODELOLW\RIFOLQLFDOWLQQLWXVSURYLVLRQLQWKH8.+RDUHHWDO6WUDWHJLHV
WRLPSURYHWKHVSUHDGLQDUHDVQRWUHDFKHGQHHGVFRQVLGHUDWLRQ
7KHFRQWH[WRIWKLVUHVHDUFKLQGLFDWHGWKDWL&%7ZDVDSSOLFDEOHIRUDGXOWVRIGLIIHUHQWDJHV
DQGHGXFDWLRQDOEDFNJURXQG,WDOVRHQFRPSDVVHGWKRVHZLWKYDU\LQJOHYHOVRIWLQQLWXV
VHYHULW\DQGGXUDWLRQRIKDYLQJWLQQLWXV

7KHLPSDFWRIWKHLQWHUYHQWLRQGHOLYHU\
$FRPSUHKHQVLYH$XGLRORJ\JXLGHGLQWHUYHQWLRQZDVGHOLYHUHG$JXLGHGLQWHUYHQWLRQZDV
VHOHFWHGDVWKHUDSHXWLFVXSSRUWFDQLPSURYHHQJDJHPHQWZLWK,QWHUQHWLQWHUYHQWLRQV.RKO
&UXW]HQ	GH9ULHV*XLGDQFHZDVSURYLGHGE\&OLQLFDO3V\FKRORJLVWVGXULQJSUHYLRXV
(XURSHDQL&%7VWXGLHV7KH\ZHUHHLWKHUOLFHQVHG&%7WKHUDSLVWV&OLQLFDO3V\FKRORJ\
0DVWHU¶GHJUHHRU06FVWXGHQWVZKRKDGFRPSOHWHGWKHLUFOLQLFDODQG&%7WUDLQLQJ7KHVH
WKHUDSLVWVUHFHLYHGV\VWHPDWLFWUDLQLQJDQGVXSHUYLVLRQWRJXLGHL&%7LQWHUYHQWLRQV3UHYLRXV
VWXGLHVKDGDORZHUWKHUDSLVWSDUWLFLSDQWUDWLRDVPRUHWKDQRQHWKHUDSLVWJXLGHGWKH
LQWHUYHQWLRQ>LHVL[WKHUDSLVWVE\+HVVHUHWDOIRXUWKHUDSLVWVE\:HLVHHWDO
DQG-DVSHUHWDOWKUHHWKHUDSLVWVE\.DOGRHWDO@$OWKRXJKWKHVHWKHUDSLVWV
KDGDJRRGXQGHUVWDQGLQJRI&%7WKH\KDGQRWDOZD\VKDGSUHYLRXVH[SHULHQFHZLWKWLQQLWXV
SDWLHQWV7KHUHZHUHWKHUHIRUHODUJHGLIIHUHQFHVUHODWHGWRWKHWKHUDSLVWLQWKLVVWXG\
FRPSDUHGWRWKRVHLQSUHYLRXVVWXGLHVLQWHUPVRIWUDLQLQJDQGH[SHULHQFH+DYLQJRQH
WKHUDSLVWDVLQWKLVWULDOFRXOGSURGXFHDFRQVLVWHQWDSSURDFKIRUDOOSDUWLFLSDQWV

'HVSLWHWKHVHWKHUDSHXWLFGLIIHUHQFHVRXWFRPHVRIWKLVWULDORQWLQQLWXVGLVWUHVV&RKHQ¶VG 
ZHUHFRPSDUDEOHWRWKRVHRIWKHSUHYLRXVL&%7FRQWUROOHGVWXGLHVZLWKSRROHGUHVXOWVRI
+HGJHVJ $QGHUVVRQ7KHH[DFWLQIOXHQFHRIWKHKHDOWKSURIHVVLRQDODVVLJQHGLV
QRW\HWNQRZQ,QWHUQHWEDVHGWULDOVIRUGHSUHVVLRQDQ[LHW\DQGVRFLDOSKRELDKDYHIRXQG
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
FRPSDUDEOHUHVXOWVUHJDUGOHVVRIZKHWKHUDFOLQLFLDQRUDWHFKQLFDODVVLVWDQWJXLGHGWKH
LQWHUYHQWLRQ7LWRYHWDO5RELQVRQHWDO7LWRYHWDO2XWFRPHVREWDLQHG
PD\EHUHODWHGWRQXPHURXVIDFWRUVDQGQRWRQO\EDVHGRQWKHTXDOLILFDWLRQRIWKHSHUVRQ
JXLGLQJWKHLQWHUYHQWLRQ$Q$XGLRORJLVWPD\QRWEHDVH[SHULHQFHGLQPRWLYDWLRQDO
WHFKQLTXHVUHTXLUHGWRLPSURYHHQJDJHPHQWDQGDWWULWLRQ'LUHFWFRPSDULVRQRI$XGLRORJ\
GHOLYHUHGYHUVXV3V\FKRORJ\GHOLYHUHGLQWHUYHQWLRQVLVUHTXLUHGWRGUDZILUPFRQFOXVLRQV
$OWKRXJKSDUWLFLSDQWVRQDYHUDJHGLGQRWXWLOLVHWKHIXOOVFRSHRIERWKWKHFRUHDQGRSWLRQDO
DVSHFWVRIWKHLQWHUYHQWLRQXQGHUWDNLQJWKHLQWHUYHQWLRQOHGWRDVLJQLILFDQWUHGXFWLRQLQ
WLQQLWXVDQGSUREOHPVDVVRFLDWHGZLWKWLQQLWXVEDVHGRQWKHUHVXOWVIURPRXURXWFRPHGDWD
$GGLWLRQDOWDFWLFVWRLPSURYHHQJDJHPHQWQHHGWREHFRQVLGHUHG

3URFHVVHVUHODWHGWRWKHRXWFRPHVREWDLQHG
,PSOHPHQWDWLRQILGHOLW\ZDVKLJK3UHFHGLQJWKLVWULDOZLWKDIHDVLELOLW\VWXG\DVVLVWHGDV
EDUULHUVFRXOGEHDGGUHVVHGSULRUWRUXQQLQJWKH5&73DUWLFLSDQWVLQGLFDWHGJUHDWVDWLVIDFWLRQ
ZLWKDQGEHQHILWIURPWKHLQWHUYHQWLRQ7KHHDVHRILQWHUYHQWLRQDFFHVVZDVDQDGYDQWDJHDV
ZHOODVEHLQJDEOHWROHDUQPRUHDERXWPDQDJLQJWKHLUWLQQLWXV$OWKRXJKSDWLHQWVZKRDFFHVV
WLQQLWXVVHUYLFHVDUHZHOOVXSSRUWHGWKHUHDUHPDQ\ZKRGRQRWKDYHDFFHVVWRWKHVHVHUYLFHV
+RDUHHWDO,PSOHPHQWDWLRQRIL&%7UHTXLUHVIHZHUUHVRXUFHVGXHWRWKH
LQWHUYHQWLRQEHLQJSURYLGHGYLDWKH,QWHUQHW'XHWRWKHVHEHQHILWVLWKDVEHHQLQFRUSRUDWHG
LQWRUHJXODUFOLQLFDOFDUHLQ6ZHGHQ.DOGR6DQGVWU|P.DOGRHWDO$GGLQJ
L&%7DVDQDGGLWLRQDOWUHDWPHQWSDWKZD\LQWKH8.FRXOGLQFUHDVHDFFHVVWRDFRPSUHKHQVLYH
HYLGHQFHEDVHGLQWHUYHQWLRQIRUWKRVHZLWKGLVWUHVVLQJWLQQLWXV

<RXQJHUDGXOWVDQGIHPDOHVZHUHOHVVLQFOLQHGWRSDUWLFLSDWH*HQGHUGLIIHUHQFHVPD\EH
UHODWHGWRWKHHVWLPDWHVWKDWDVOLJKWO\KLJKHUSURSRUWLRQRIPHQH[SHULHQFHWLQQLWXVDOWKRXJK
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
DKLJKHUSURSRUWLRQRIZRPHQKDYHDVHYHUHIRUPRIWLQQLWXV6H\GHOHWDO,WFRXOG
DOVREHWKDWWKHIOH[LELOLW\DQGDQRQ\PRXVQDWXUHRIWKLVLQWHUYHQWLRQVXLWHGPDOHV
$GGUHVVLQJIDFWRUVGHWHUULQJFHUWDLQUHFLSLHQWVIURPSDUWLFLSDWLQJLVLPSRUWDQW

6HOIPRWLYDWLRQLVDUHTXLUHPHQWIRUVXFKDVHOIKHOSLQWHUYHQWLRQ:D\VRILPSURYLQJ
PRWLYDWLRQDUHUHTXLUHG,PSURYHPHQWVWRDVSHFWVRIWKHLQWHUYHQWLRQWKDWZHUHSRRUO\UDWHG
VXFKDVVLPSOLI\LQJWKHZRUNVKHHWVLVUHTXLUHG7LPHUHVWULFWLRQVDQGSRRUKHDOWKUHVXOWHGLQ
QRWDOOSDUWLFLSDQWVEHLQJIXOO\HQJDJHGZLWKWKHLQWHUYHQWLRQ'HYHORSLQJDPRUHWDLORUHG
LQWHUYHQWLRQZLWKNH\SULQFLSOHVLVVRPHWKLQJWKDWPD\EHFRQVLGHUHGWRWDUJHWWKRVHZKRDUH
XQDEOHWRFRPPLWWRDQHLJKWZHHNSURJUDPPH,WZDVIRXQGWKDWRYHUWLPHHQJDJHPHQW
GHFUHDVHGEXWVRGLGWLQQLWXVVHYHULW\,PSURYHGWLQQLWXVVHYHULW\PD\KDYHOHGWROHVV
UHOLDQFHRQWKHLQWHUYHQWLRQRYHUWLPH6RPHSDUWLFLSDQWVDOVRPHQWLRQHGILQGLQJWKHODFNRI
LQLWLDOUHVXOWVGLIILFXOWZKLFKGHFUHDVHGPRWLYDWLRQ7LQQLWXVGLVWUHVVZDVVLJQLILFDQWO\ORZHU
DIWHUFRPSOHWLQJZHHNVRIWKHLQWHUYHQWLRQ%HXNHVHWDOE7KHVHILQGLQJVVKRXOGEH
H[SODLQHGWRIXWXUHSDUWLFLSDQWVDVERWKHQFRXUDJHPHQWDQGWRKHOSDGMXVWWKHLUH[SHFWDWLRQV

)XUWKHUUHVHDUFK
$GGLWLRQDOORQJLWXGLQDODQDO\VLVRIWKHSDWLHQWMRXUQH\ZRXOGEHRIYDOXH4XDOLWDWLYHDQDO\VLV
RISDUWLFLSDQWH[SHFWDWLRQDQGH[SHULHQFHVERWKSRVLWLYHDQGQHJDWLYHDUHUHTXLUHG7KLV
FRXOGSURYLGHYDOXDEOHLQVLJKWVLQWRIDFWRUVWKDWFRXOGGHWHUSDUWLFLSDQWVIURPXQGHUWDNLQJWKH
LQWHUYHQWLRQ(YDOXDWLQJWKHSDWLHQWMRXUQH\IURPWKHSHUVSHFWLYHRIWKHLUVLJQLILFDQWRWKHUV
ZRXOGDGGIXUWKHULQVLJKWLQWRWKHDSSOLFDWLRQRIL&%7



Page 29 of 64
E-mail: editor-ija@utdallas.edu  URL: http://mc.manuscriptcentral.com/tija
International Journal of Audiology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
ĞƵŬĞƐ͘WƌŽĐĞƐƐĞǀĂůƵĂƚŝŽŶŝŵƉůĞŵĞŶƚŝŶŐŝdĨŽƌƚŝŶŶŝƚƵƐŝŶĂZd Ϯϳ

&RQFOXVLRQV
7KLVSURFHVVHYDOXDWLRQKDVSURYLGHGDEURDGHUXQGHUVWDQGLQJRIWKHUHVHDUFKFRQWH[W
$VSHFWVWKDWFRQWULEXWHGWRWKHHIIHFWLYHQHVVRIWKHLQWHUYHQWLRQZHUHLGHQWLILHG%DUULHUV
UHVWULFWLQJHQJDJHPHQWVXFKDVWLPHOLPLWDWLRQVDQGORZPRWLYDWLRQOHYHOVQHHGDGGUHVVLQJ
5HVXOWVRIWKLVSURFHVVHYDOXDWLRQWRJHWKHUZLWKWKHRXWFRPHGDWDFDQEHXVHGWRIDFLOLWDWH
WUDQVODWLQJWKLVUHVHDUFKLQWRFOLQLFDOSUDFWLFH

)XQGLQJDQGGLVFORVXUHVWDWHPHQW
7KHDXWKRUVGHFODUHWKDWWKH\KDYHQRFRPSHWLQJLQWHUHVWV$QJOLD5XVNLQ/DPDUDQG
/LQN|SLQJ8QLYHUVLWLHVDQGWKH1DWLRQDO,QVWLWXWHIRU+HDOWK5HVHDUFKVXSSRUWHGWKH
XQGHUWDNLQJRIWKLVVWXG\EXWWKHYLHZVH[SUHVVHGDUHWKRVHRIWKHDXWKRUVDQGQRWRIWKHVH
LQVWLWXWLRQV

5HIHUHQFHV
$EERWW-0.DOGR9.OHLQ%$XVWLQ'+DPLOWRQ&HWDO$FOXVWHU
UDQGRPLVHGFRQWUROOHGWULDORIDQ,QWHUQHWEDVHGLQWHUYHQWLRQSURJUDPIRU
WLQQLWXVGLVWUHVVLQDQLQGXVWULDOVHWWLQJ&RJ%HKDY7KHU
$QGHUVVRQ*&OLQLFLDQVXSSRUWHG,QWHUQHWGHOLYHUHGSV\FKRORJLFDOWUHDWPHQWRIWLQQLWXV$P
-$XGLRO
$QGHUVVRQ*.DOGR9&RJQLWLYHEHKDYLRUDOWKHUDS\ZLWKDSSOLHGUHOD[DWLRQ,Q567\OHU
 (G7LQQLWXVWUHDWPHQW&OLQLFDOSURWRFROV1HZ<RUN7KLHPH
$QGHUVVRQ*.DOGR6DQGVWU|P97UHDWLQJWLQQLWXVYLDWKH,QWHUQHW&0(
-RXUQDO2WRUKLQRODU\QJRO+HDG1HFN6XUJ
$QGHUVVRQ*6WU|PJUHQ76WU|P7/\WWNHQV/5DQGRPLVHGFRQWUROOHGWULDORI
,QWHUQHWEDVHGFRJQLWLYHEHKDYLRUWKHUDS\IRUGLVWUHVVDVVRFLDWHGZLWKWLQQLWXV
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
3V\FKRVRP0HG
%DUDQRZVNL76WDEOHV*3URFHVVHYDOXDWLRQVRIWKHDGD\SURMHFWV+HDOWKHGXFDWLRQ	
EHKDYLRUWKHRIILFLDOSXEOLFDWLRQRIWKH6RFLHW\IRU3XEOLF+HDOWK(GXFDWLRQ

%DVWLHQ&+9DOOLqUHV$0RULQ&09DOLGDWLRQRIWKH,QVRPQLD6HYHULW\,QGH[DVDQ
RXWFRPHPHDVXUHIRULQVRPQLDUHVHDUFK6OHHSPHGLFLQH
%HXNHV(:0DQFKDLDK9$OOHQ30%DJXOH\'0$QGHUVVRQ*,QWHUQHWEDVHG
FRJQLWLYHEHKDYLRXUDOWKHUDS\IRUDGXOWVZLWKWLQQLWXVLQWKH8.VWXG\SURWRFROIRUD
UDQGRPLVHGFRQWUROOHGWULDO%0-RSHQH
%HXNHV(:9ODHVFX*0DQFKDLDK9%DJXOH\'0$OOHQ$QGHUVVRQ*
'HYHORSPHQWDQGWHFKQLFDOIXQFWLRQDOLW\RIDQ,QWHUQHWEDVHGLQWHUYHQWLRQIRUWLQQLWXVLQ
WKH8.,QWHUQHW,QWHUY
%HXNHV(:$OOHQ300DQFKDLDK9%DJXOH\'0$QGHUVVRQ*,QWHUQHWEDVHG
LQWHUYHQWLRQIRUWLQQLWXV2XWFRPHRIDVLQJOHJURXSRSHQWULDO-$P$FDG$XGLROD

%HXNHV(:%DJXOH\'00DQFKDLDK9$OOHQ30$QGHUVVRQ*$XGLRORJ\*XLGHG
,QWHUQHWGHOLYHUHG&RJQLWLYH%HKDYLRXU7KHUDS\IRU$GXOWVZLWK7LQQLWXVLQWKH8.-+6
E
%HXNHV(:%DJXOH\'0$OOHQ300DQFKDLDK9DQG$QGHUVVRQ**XLGHG
,QWHUQHWEDVHGYHUVXVIDFHWRIDFHFOLQLFDOFDUHLQWKHPDQDJHPHQWRIWLQQLWXVVWXG\
SURWRFROIRUDPXOWLFHQWUHUDQGRPLVHGFRQWUROOHGWULDO7ULDOVF
&UDLJ3'LHSSH30DFLQW\UH60LFKLH61D]DUHWK,HWDO0HGLFDO5HVHDUFK&RXQFLO
*XLGDQFH'HYHORSLQJDQGHYDOXDWLQJFRPSOH[LQWHUYHQWLRQVWKHQHZ0HGLFDO5HVHDUFK
&RXQFLOJXLGDQFH%0-&OLQLFDOUHVHDUFKHGD
'DYLV$5DIDLH($(SLGHPLRORJ\RIWLQQLWXV7LQQLWXVKDQGERRN
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
']HZDOWRZVNL'$*ODVJRZ5(.OHVJHV/0(VWDEURRNV3$%URFN(5($,0
HYLGHQFHEDVHGVWDQGDUGVDQGD:HEUHVRXUFHWRLPSURYHWUDQVODWLRQRIUHVHDUFKLQWR
SUDFWLFH$QQ%HK0HG
(O6KXQQDU6.+RDUH'-6PLWK6*DQGHU3(.DQJ6HWDO3ULPDU\FDUHIRU
WLQQLWXVSUDFWLFHDQGRSLQLRQDPRQJ*3VLQ(QJODQG-(YDO&OLQ3UDFW

*DQGHU3(+RDUH'-&ROOLQV/6PLWK6+DOO'$7LQQLWXVUHIHUUDOSDWKZD\VZLWKLQ
WKH1DWLRQDO+HDOWK6HUYLFHLQ(QJODQGDVXUYH\RIWKHLUSHUFHLYHGHIIHFWLYHQHVVDPRQJ
DXGLRORJ\VWDII%0&+HDOWK6HUY5HV
*ODVJRZ5(9RJW70	%ROHV60(YDOXDWLQJWKHSXEOLFKHDOWKLPSDFWRIKHDOWK
SURPRWLRQLQWHUYHQWLRQVWKH5($,0IUDPHZRUN$P-3XEOLF+HDOWK

*UDQW$7UHZHHN6'UHLVFKXOWH7)R\5*XWKULH%3URFHVVHYDOXDWLRQVIRUFOXVWHU
UDQGRPLVHGWULDOVRIFRPSOH[LQWHUYHQWLRQVDSURSRVHGIUDPHZRUNIRUGHVLJQDQG
UHSRUWLQJ7ULDOV
*UHZDO56SLHOPDQQ3-RQHV6+XVVDLQ6&OLQLFDOHIILFDF\RIWLQQLWXVUHWUDLQLQJ
WKHUDS\DQGFRJQLWLYHEHKDYLRXUDOWKHUDS\LQWKHWUHDWPHQWRIVXEMHFWLYHWLQQLWXVD
V\VWHPDWLFUHYLHZ-/DU\QJRO2WRO
*ULPVKDZ-0(FFOHV03/DYLV-1+LOO6-6TXLUHV-(.QRZOHGJHWUDQVODWLRQRI
UHVHDUFKILQGLQJV,PSOHPHQW6FL
*URO56XFFHVVHVDQGIDLOXUHVLQWKHLPSOHPHQWDWLRQRIHYLGHQFHEDVHGJXLGHOLQHVIRU
FOLQLFDOSUDFWLFH0HGFDUH
*XVVHQKRYHQ$+06LQJK$6*RYHUWV67YDQ7LO0$QHPD-5HWDO$SURFHVV
HYDOXDWLRQRILPSOHPHQWLQJDYRFDWLRQDOHQDEOHPHQWSURWRFROIRUHPSOR\HHVZLWK
KHDULQJGLIILFXOWLHVLQFOLQLFDOSUDFWLFH,QW-$XGLRO
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
+HVVHU+:HLVH&:HVWLQ9=$QGHUVVRQ*$V\VWHPDWLFUHYLHZDQGPHWDDQDO\VLVRI
UDQGRPL]HGFRQWUROOHGWULDOVRIFRJQLWLYH±EHKDYLRUDOWKHUDS\IRUWLQQLWXVGLVWUHVV&OLQ
3V\FKRO5HY
+HVVHU+*XVWDIVVRQ7/XQGpQ&+HQULNVRQ2)DWWDKL.-RKQVVRQ(:HVWLQ
9=&DUOEULQJ30lNL7RUNNR(.DOGR9$QGHUVVRQ*$UDQGRPL]HGFRQWUROOHG
WULDORILQWHUQHWGHOLYHUHGFRJQLWLYHEHKDYLRUWKHUDS\DQGDFFHSWDQFHDQGFRPPLWPHQW
WKHUDS\LQWKHWUHDWPHQWRIWLQQLWXV-&RQVXOW&OLQ3V\FKRO
+RDUH'-%URRPKHDG(6WRFNGDOH'.HQQHG\9(TXLW\DQGSHUVRQFHQWHUHGQHVVLQ
SURYLVLRQRIWLQQLWXVVHUYLFHVLQ8.1DWLRQDO+HDOWK6HUYLFHDXGLRORJ\GHSDUWPHQWV
(-3&+
-DVSHU.:HLVH&&RQUDG,$QGHUVVRQ*+LOOHU:HWDO,QWHUQHWEDVHGJXLGHGVHOI
KHOSYHUVXVJURXSFRJQLWLYHEHKDYLRUDOWKHUDS\IRUFKURQLFWLQQLWXVDUDQGRPL]HG
FRQWUROOHGWULDO-3V\FKRVRP5HV
.DOGR9&DUV65DKQHUW0/DUVHQ+&$QGHUVVRQ*8VHRIDVHOIKHOSERRNZLWK
ZHHNO\WKHUDSLVWFRQWDFWWRUHGXFHWLQQLWXVGLVWUHVVDUDQGRPL]HGFRQWUROOHGWULDO-
3V\FKRVRP5HV
.DOGR9/HYLQ6:LGDUVVRQ-%XKUPDQ0/DUVHQ+&$QGHUVVRQ*,QWHUQHW
YHUVXVJURXSFRJQLWLYHEHKDYLRUDOWUHDWPHQWRIGLVWUHVVDVVRFLDWHGZLWKWLQQLWXVD
UDQGRPL]HGFRQWUROOHGWULDO%HKDY7KHU
.DOGR9+DDN7%XKUPDQ0$OIRQVVRQ6/DUVHQ+HWDO,QWHUQHWEDVHGFRJQLWLYH
EHKDYLRXUWKHUDS\IRUWLQQLWXVSDWLHQWVGHOLYHUHGLQDUHJXODUFOLQLFDOVHWWLQJ2XWFRPH
DQGDQDO\VLVRIWUHDWPHQWGURSRXW&RJQ%HKDY7KHU
.DOGR6DQGVWU|P9/DUVHQ+&$QGHUVVRQ*,QWHUQHWEDVHGFRJQLWLYHEHKDYLRUDOVHOI
KHOSWUHDWPHQWRIWLQQLWXV&OLQLFDOHIIHFWLYHQHVVDQGSUHGLFWRUVRIRXWFRPH$P-$XGLRO

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
.RKO/)&UXW]HQ5GH9ULHV1.2QOLQHSUHYHQWLRQDLPHGDWOLIHVW\OHEHKDYLRUVD
V\VWHPDWLFUHYLHZRIUHYLHZV-0HG,QW5HVH
/DQGJUHEH0$]HYHGR$%DJXOH\'%DXHU&&DFDFH$HWDO0HWKRGRORJLFDO
DVSHFWVRIFOLQLFDOWULDOVLQWLQQLWXVDSURSRVDOIRUDQLQWHUQDWLRQDOVWDQGDUG-3V\FKRVRP
5HV
/LQQDQ/6WHFNOHU$3URFHVVHYDOXDWLRQIRUSXEOLFKHDOWKLQWHUYHQWLRQVDQGUHVHDUFKSS
6DQ)UDQFLVFR-RVVH\%DVV
0DQFKDLDK9'DQHUPDUN%5|QQEHUJ-/XQQHU7,PSRUWDQFHRISURFHVV
HYDOXDWLRQLQDXGLRORJLFDOUHKDELOLWDWLRQ([DPSOHVIURPVWXGLHVRQKHDULQJLPSDLUPHQW
,QW-2WRO$UWLFOH,'KWWSG[GRLRUJ
0DUWLQH]&:DOOHQKRUVW&0F)HUUDQ'+DOO'$,QFLGHQFHUDWHVRIFOLQLFDOO\
VLJQLILFDQWWLQQLWXV\HDUWUHQGIURPDFRKRUWVWXG\LQ(QJODQG(DU+HDU
H
0HLNOH0%+HQU\-$*ULHVW6(6WHZDUW%-$EUDPV+%HWDO7KHWLQQLWXV
IXQFWLRQDOLQGH[GHYHORSPHQWRIDQHZFOLQLFDOPHDVXUHIRUFKURQLFLQWUXVLYHWLQQLWXV
(DU+HDU
0RRUH*)$XGUH\6%DUNHU0%RQG/%RQHOO&+DUGHPDQ:0RRUH/
2¶&DWKDLQ$7LQDWL7:LJKW'DQG%DLUG-3URFHVVHYDOXDWLRQRIFRPSOH[
LQWHUYHQWLRQV0HGLFDO5HVHDUFK&RXQFLOJXLGDQFH%0-SK
1HZPDQ&:6DQGULGJH6$%ROHN/'HYHORSPHQWDQGSV\FKRPHWULFDGHTXDF\
RIWKHVFUHHQLQJYHUVLRQRIWKHWLQQLWXVKDQGLFDSLQYHQWRU\2WRO1HXURWRO

3DUOLDPHQW%'DWDSURWHFWLRQDFWRI
5LDFK(7KH3ULYDF\DQG(OHFWURQLF&RPPXQLFDWLRQV'LUHFWLYH1HZ/DZ-RXUQDO

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
5RELQVRQ(7LWRY1$QGUHZV*0F,QW\UH.6FKZHQFNH*DQG6ROOH\.,QWHUQHW
WUHDWPHQWIRUJHQHUDOL]HGDQ[LHW\GLVRUGHUDUDQGRPL]HGFRQWUROOHGWULDOFRPSDULQJ
FOLQLFLDQYVWHFKQLFLDQDVVLVWDQFH3OR6RQHSH
6DXQGHUV53(YDQV0+-RVKL3'HYHORSLQJDSURFHVVHYDOXDWLRQSODQIRUDVVHVVLQJ
KHDOWKSURPRWLRQSURJUDPLPSOHPHQWDWLRQDKRZWRJXLGH+HDOWK3URPRW3UDFW

6H\GHO&+DXSW+2O]H+6]F]HSHN$-0D]XUHN%*HQGHUDQGFKURQLFWLQQLWXV
GLIIHUHQFHVLQWLQQLWXVUHODWHGGLVWUHVVGHSHQGRQDJHDQGGXUDWLRQRIWLQQLWXV(DU+HDU

6SLW]HU5/:LOOLDPV-%DQG.URHQNH.3DWLHQW+HDOWK4XHVWLRQQDLUH3+41HZ<RUN
6WDWH3V\FKLDWULF,QVWLWXWH
6SLW]HU5/.URHQNH.:LOOLDPV-%DQG/|ZH%$EULHIPHDVXUHIRUDVVHVVLQJ
JHQHUDOL]HGDQ[LHW\GLVRUGHUWKH*$'$UFK,QWHUQ0HG
6WHFNOHU$%/LQQDQ/,VUDHO%3URFHVVHYDOXDWLRQIRUSXEOLFKHDOWKLQWHUYHQWLRQVDQG
UHVHDUFK-RVVH\%DVV6DQ)UDQFLVFR&$
6XQJ16&URZOH\-U:)*HQHO06DOEHU36DQG\/HWDO&HQWUDOFKDOOHQJHV
IDFLQJWKHQDWLRQDOFOLQLFDOUHVHDUFKHQWHUSULVH-DPD
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